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The development of the automatic amino acid acid has been found to be greater in CSF than in analyzer (14) has made possible more accurate plasma, thus suggesting that the brain rather and rapid measurement of a number of ninhydrinthan some other organ is the site of the metabolic 'positive substances in physiological fluids. In the error. present study this instrument was used to deterRecent reports concerning-theamino acids found mine the concentrations of amino acids in normal in normal human CSF are confusing. Different pooled CSF. A preliminary investigation was investigators have found as few as seven to as also made of possible differences in amino acids many as 2-1 amino acids present. Using paper in the CSF of patients suffering from a variety of chromatographic techniques, quantitative estima-genetically determined diseases involving mental tion of the amino acids in CSF has been attempted defect. by Torre CSF specimens were obtained from 18 mentally defective patients by lumbar puncture. These patients also were not necessarily in the postabsorptive state. Fluid specimens which were bloody were discarded, and CSF was frozen immediately and kept at -200 C until used. In 5 patients a single CSF specimen was studied, while in the remaining 13 patients two specimens were obtained on separate occasions and were then pooled. This was necessary because approximately 20 ml of fluid is required for accurate determination of all amino acids present, and it seemed unwise to withdraw this volume of fluid on one occasion from a child. The genetically determined conditions studied were: phenylketonuria, Tay-Sachs disease, Hurler's syndrome (gargoylism), Huntington's chorea, mongolism, tuberous sclerosis, Schilder's disease, and the cerebro-oculo-renal disease of Lowe (15) . Table I summarizes the pertinent clinical  data for the patients studied. CSF specimens were deproteinized by ultrafiltration through a cellophane membrane at 50 C over a period of 24 to 36 hours. The pooled CSF specimens were deproteinized after several months' storage at -20°C. Some of the individual CSF specimens from mentally defective patients were deproteinized immediately, while others were first stored at -200 C for as long as 3 months. After being deproteinized, specimens were desalted electrolytically in an electric desalter,1 using a maximum current of 0.6 a. Each specimen was then divided into 3 fractions, and these were individually taken to dryness under vacuum on a rotating evaporator with the use of gentle heat (not over 40°C). The 2 larger fractions, usually representing 9 or 10 ml of original CSF each, were applied to the 150-cm and 50-cm columns, respectively, of the automatic amino acid analyzer. The third fraction, usually representing 2.5 ml of original CSF, was hydrolyzed with 2 N HCl at 1100 C for 2 hours in an evacuated sealed tube, and was applied to the 150-cm column of the analyzer.
The analyses were performed with a Spinco automatic amino acid analyzer, model 120, under the conditions described by Spackman, Stein and Moore (14) .
The 300 to 50°C systems were employed for the determination of amino acids and derivatives in the unhydrolyzed portions of each CSF specimen. The hydrolyzed portions were analyzed only on the neutral and acidic (150-cm) column, and most of the latter analyses were carried out using the 50°C system.
Identification of the ninhydrin-positive components found in CSF was based upon comparison with ion exchange chromatograms prepared from solutions of authentic amino acids and related compounds. In addition, two-dimensional paper chromatography carried out in this laboratory prior to this investigation had demonstrated the presence in pooled human CSF of the following amino acids: alanine, arginine, aspartic acid, glutamic acid, glutamine, glycine, histidine, isoleucine-leucine, lysine, phenylalanine, serine, taurine, threonine, tryptophan, tyrosine, and valine.
Calculations of the amounts of amino acids present in each analyzed specimen of CSF were made in the standard manner as described for the automatic recording equipment (14) . are presented in Tables II, III and The following ninhydrin-positive substances were regularly found in the CSF of normal individuals and of the mental defectives studied: taurine, urea, aspartic acid, threonine, serine, asparagine, glutamine, glutamic acid, glycine, alanine, a-amino-n-butyric acid, valine, methionine, isoleucine, leucine, tyrosine, phenylalanine, ornithine, ethanolamine, ammonia, lysine, histidine, and arginine. Found less frequently and usually in small amounts were citrulline and proline. Cystine, y-amino-butyric acid and argininosuccinic acid were not detected in any CSF specimen. Tryptophan was not estimated in the chromatograms of the automatic amino acid analyzer, but was found in small amounts when searched for by the paper chromatographic technique described. In most CSF specimens a very small rise in absorbance was noted at the point where cystathionine is eluted from the 150-cm column, just after the artifact produced on the chromatogram by the buffer ure prevented quantitation.
change from pH 3.25 to pH 4.25. Whether or not this represents a trace of cystathionine in the CSF specimens studied is not clear.
In addition, six unidentified peaks were regularly encountered on the chromatograms of unhydrolyzed CSF, and two further unidentified peaks were noted in some specimens. Of the unidentified ninhydrin-positive substances regularly present in CSF, Unknown no. 1 emerged from the column at the position of phosphoserine and phosphothreonine, and Unknown no. 4 emerged at the position of phosphoethanolamine. In most CSF specimens prior to hydrolysis, and in all specimens after hydrolysis, an unexpected peak was encountered on chromatograms after urea and before aspartic acid. This substance, Unknown no. 6, was usually eluted from the 150-cm column at 101 ml effluent volume in the 300 to 500 C system, and was eluted at 91 ml when the column was operated at 50°C. In the same two systems, aspartic acid was usually eluted at 135 and at 110 ml, respectively. Unknown no. 6 had the same rate of travel on the column as the "erythro" form of Bt-hydroxyaspartic acid, and allo-y-hydroxyglu-1366 tamic acid. Unknown no. 8, present in some CSF specimens, was eluted from the 50-cm column at the position of hydroxylysine, while Unknown no. 9, present in all fluids studied, was eluted from this column at the position of carnosine.
Since asparagine and glutamine emerge from the column at the same effluent volume and give a combined peak on the chromatogram, values for these two amino acids were estimated from the increase in aspartic and glutamic acids, respectively, after acid hydrolysis of CSF. Serine was usually poorly separated, if at all, from asparagine and glutamine, and serine levels were therefore usually measured after hydrolysis.
After acid hydrolysis of CSF, the following changes were noted. Glutamic acid showed the greatest increase over the concentration found in the unhydrolyzed CSF, but there was also a marked increase in aspartic acid. Unknown no. 6
showed a three-to tenfold increase. The amount of glycine present was usually doubled. Methionine disappeared and was replaced by methionine sulfoxides. Urea was regularly decreased in amount. The values for alanine, a-amino-n-butyric acid, valine, isoleucine, leucine, tyrosine and phenylalanine were not altered by hydrolysis, and cystine was found in no specimen following hydrolysis.
Finally, a large and highly variable amount of an additional unidentified ninhydrin-positive substance, Unknown no. 7, was found on chromatograms after hydrolysis. It was eluted from the column just before threonine at 50°C and just after serine at 300 to 500C. This substance could not be detected in CSF prior to hydrolysis, possibly because of incomplete separation from serine, asparagine and glutamine. It was itself resistant to hydrolysis in 6 N HC1 at 1100 C for 30 hours. It is presumed that this unidentified substance is an amino acid or an amino acid derivative, perhaps normally present in CSF, either partly or entirely, in a conjugated form.
It is likely that in most of the CSF specimens studied the marked increase in glutamic acid after hydrolysis could be accounted for entirely by the decomposition of glutamine. A possible exception Tables II, III and IV, therefore, are maximum values and may represent either asparagine or a combination of both compounds. The increase in glycine regularly noted following hydrolysis was probably due to the splitting of hippuric acid present in the CSF. The absence of cystine and the failure of the a-airmino-n-butyric acid peak to increase after acid hydrolysis provides evidence that glutathione and ophthalmic acid were absent from the CSF specimens studied.
In general the concentrations of amino acids present in the CSF of the eight forms of mental defect studied did not vary appreciably from those found in pooled CSF from normal adults. The only exception to this was the expected high concentration of phenylalanine found in the CSF of the three phenylketonuric patients. This ranged from 4.74 to 6.37 mg per 100 ml of CSF, and was similar to that found by Borek, Brecher, Jervis and Waelsch (12) using a microbiological method to determine phenylalanine in the CSF of phenylketonurics. The level of a-amino-n-butyric acid was relatively high in the CSF of the three patients having Tay-Sachs disease, and two of these also showed appreciable amounts of proline, but the significance of these variations is doubtful.
DISCUSSION
The amiino acid content of CSF as (leterlniile( lby other investigators is summarized in Table V and this is compared with that found in the present investigation. Proline, citrulline, asparagine ..
- amounts in CSF. It is also clear from the present study that argininosuccinic acid and glutathione are normally absent from CSF. The finding of nine unidentified peaks on chromatograms of CSF had not been expected. One of these, Unknown no. 7, was usually present in relatively large amounts, and in a number of fluids exhibited an apparent concentration greater than that of serine and threonine. An unidentified ninhydrin-positive substance, emerging from the column of the amino acid analyzer at the same point as Unknown no. 6 in the present study, has been noted by Moore, Tallan and Stein in human blood plasma, liver and brain extracts (19, 20) . Further studies are planned to attempt identification of these unknown compounds.
The relative concentrations of the various amino acids in CSF and in postabsorptive plasma in normal adults are compared in Table VI . The data for plasma (17, 21) were obtained by a column chromatographic technique similar to that employed in this study for the quantitation of amino acids in CSF. It will be noted that glutamine is the predominant amino acid both in plasma and in CSF. Most of the amino acids present in CSF occur in concentrations only 5 to 15 per cent of those found in plasma. In the case of proline, the disparity between CSF and plasma levels is much more marked. On the other hand, glutamine, asparagine, serine and threonine occur in CSF in close to one-half their concentration in plasma. Aspartic acid levels are about equal between the two fluids. Ethanolamine is present in greater concentration in the CSF than in plasma. This would suggest that the CSF is not a simple mirror of conditions prevailing in the blood stream, but also reflects in part the chemical milieu of the brain.
Although the measurement of amino acid concentrations in the CSF of several genetically determined diseases in this study failed to provide clues to the mechanism of the mental defect characteristic of each disease, this approach may be worth applying to other neurological disorders. When patients become available, it would be of interest to measure amino acid concentrations in the CSF in conditions such (as maple syrup urine disease and cystathioninuria. In the former con-(lition, it is anticipated that CSF concentrations of leucine, isoleucine, valine and methionine will be 
